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Nightlights-Based Assessment of Global Electricity Infrastructure and Future Emissions to Meet Growing Demand

Impact of electricity infrastructure development and use across different
earth system components

Hydrological Cycles
H . & Water Resources

(H-2a, H-2¢c)

Electricity production requires
large scale water use.
Electricity is required to pump,
transport, & treat drinking &
wastewater.

Hydroelectric systems alter
regional water resources.

Weather & Air Quality
W. (W-5a, W-6a)
« Conventional electricity

production is a key source of
PM, s, PM,;o, SO,, CO, NO,, Oy

= Electricity generation is the
largest single source of
global GHG emissions (31%)

» Changes in climate affect
how much electricity is
produced, delivered, & used.

Electricity

Generation,
Transmission, and
Use drives changes
in Earth Systems /

Earth Surface:
Dynamics & Hazards S -
(S-2a)
= Power outages during & after
disasters exacerbate negative

impacts to society and hinder
response & recovery.

Development & Society D
n

= Access to electricity is central to
human well-being—for livelihoods,
security, food production, & health.
« Ensuring universal access to
modem energy is the focus of UN- terrestrial & marine ecotoxicity, &
SDG 7.1 changes in ecosystem quality from
climate change impacts

E Marine & Terrestrial
= Ecosystems (E-1a, E-1c)
» The Electricity system causes habitat
loss & fragmentation, freshwater

eutrophication, terrestrial acidification,

U.S. Decadal Survey for Earth Science and Applications from Space (ESAS), E Stokes

Assess the spatial distribution and degree of electricity access
deficits and explore how future electricity supply— to close those
deficits and meet growing demand— will impact emissions.
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Proposed Research
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Black Marble Nighttime Lights, M. O. Roman

Objective:

+ Assess electricity access and reliability

* Assess unmet demand in low access areas

» Assess how future demand over these areas will
evolve under different socioeconomic and climate
futures
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Global Electrification Estimates from Black Marble Nighttime Lights
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/ WSF, QA
Masking NTL > t for 20% of
B data in 30-day
windows
Black Marble NTL Pixel-level tests
of electrification
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Comparison of % of population (LandScan)
with electricity access to Census Estimates

(USAID/DHS Program STAT-compiler)
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Towards Global Electrification reliability from Black Marble Nighttime Lights and Machine learning
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/Similarity between NTL \

prediction and observation

High similarity:

* no change/ reliable
Low similarity:

» Likely change point/

\ unreliable /

Next Steps/ Outcome:

Global per-pixel estimates of electricity reliability,
power access frequency and consistency




Building Energy Modeling- Global Population distribution from 2000 to 2100

Urbanization Urban heat island (2) Population-
weighted HDD/CDD .
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Next Steps:

Quantify annual electricity
demand that was consumed,
considering intermittency from
NTL Reliability.

How electricity demand for low
and no access areas evolve,
given different socioeconomic
and climate futures?

Y. Zhou, W. Xu




